In the picture-word interference task, naming responses are facilitated when a distractor word is orthographically and phonologically related to the depicted object as compared to an unrelated word. We used event-related functional magnetic resonance imaging (fMRI) to investigate the cerebral hemodynamic responses associated with this priming effect. Serial (or independent-stage) and interactive models of word production that explicitly account for picture-word interference effects assume that the locus of the effect is at the level of retrieving phonological codes, a role attributed recently to the left posterior superior temporal cortex (Wernicke's area). This assumption was tested by randomly presenting participants with trials from orthographically related and unrelated distractor conditions and acquiring image volumes coincident with the estimated peak hemodynamic response for each trial. Overt naming responses occurred in the absence of scanner noise, allowing reaction time data to be recorded. Analysis of this data confirmed the priming effect. Analysis of the fMRI data revealed blood oxygen level-dependent signal decreases in Wernicke's area and the right anterior temporal cortex, whereas signal increases were observed in the anterior cingulate, the right orbitomedial prefrontal, somatosensory, and inferior parietal cortices, and the occipital lobe. The results are interpreted as supporting the locus for the facilitation effect as assumed by both classes of theoretical model of word production. In addition, our results raise the possibilities that, counterintuitively, picture-word interference might be increased by the presentation of orthographically related distractors, due to competition introduced by activation of phonologically related word forms, and that this competition requires inhibitory processes to be resolved. The priming effect is therefore viewed as being sufficient to offset the increased interference. We conclude that information from functional imaging studies might be useful for constraining theoretical models of word production.
INTRODUCTION
In the picture-word task, participants are asked to name a target picture while ignoring an accompanying distractor word (Rosinski et al., 1975) . The task, a generalization of the Stroop (1935) paradigm, has been employed extensively in experimental psychology studies to investigate hypotheses about the processes involved in word production (see MacLeod, 1991) . A welldocumented effect obtained with the picture-word task is that naming responses are facilitated when a distractor is orthographically and phonologically related to the depicted object in comparison to when it is an unrelated word or a letter string (e.g., Damian and Martin, 1999; Jescheniak and Schriefers, 2001; Lupker, 1982; Starreveld and La Heij, 1996) . With visually presented distractors, the facilitation or priming effect occurs across a range of stimulus onset asynchronies (SOAs) from about Ϫ200 ms (word presented first) to ϩ200 ms (picture presented first) and is found consistently when target and distractor are presented simultaneously (Damian and Martin, 1999; Starreveld and La Heij, 1996) . 1 Two different classes of theoretical models of word production attempt to explicitly account for the orthographic/phonological facilitation effect observed in the picture-word task: serial models (also called independent-stage models) and interactive models (see Levelt, 1999; Starreveld, 2000) . Both classes of models assume that abstract and phonological word form information constitute independent levels of representation and that there are at least two distinct processing stages in word production. The first stage involves the selection 1 Phonological codes are considered to be involved even with visual presentation of distractors (see Jescheniak and Schriefers, 2001; Lupker, 1982) . Thus the facilitation effect could be due to orthographic relatedness, phonological relatedness, or both.
of a conceptually and syntactically specified lexical representation of the to-be-produced word (called a lemma). The second stage involves the encoding of its corresponding lexical/phonological representation (see Caramazza, 1997; Foygel and Dell, 2000; Levelt et al., 1999; Starreveld and La Heij, 1996) . Lexical (lemma) selection is achieved in both classes of models through a process of competitive, spreading activation of both the target and the related nontarget nodes, with the node with the highest activation being selected. Phonological encoding is considered to occur in ordered sets of phonological segments for each lemma. These segments are used to compose syllables, and the subsequent combining of the syllables completes the encoding of the phonological word form (see Levelt, 2001; Starreveld, 2000) . However, serial models assume that only the lemma selected at the first level is phonologically encoded (e.g., Levelt et al., 1999) , whereas interactive models assume that all lemmas considered at the first level are encoded phonologically and this encoding in turn influences lemma selection (i.e., there is feedback between word form and lemma levels; e.g., Foygel and Dell, 2000; Starreveld and La Heij, 1996) .
Serial models have tended to place the locus of the facilitation effect observed in the picture-word task solely at the phonological level (e.g., Meyer, 1996; Meyer and Schriefers, 1991; Schriefers et al., 1990) . These accounts attribute the facilitation effect to phonologically related distractor words activating their phonological segments in the mental lexicon. As the target picture name comprises some of these segments, its phonological encoding is considered to be facilitated compared to when an unrelated distractor is presented, due to the additional part-activation that it receives. However, the empirical evidence for this interpretation is inconclusive (e.g., Starreveld, 2000 ; Experiments 1-6). Levelt et al.'s (1999) more recent serial model assumes that visually presented distractors affect lemma and word form nodes in parallel. In this model, the main effect of orthographic relatedness remains at the level of phonological retrieval, with lemma selection influenced only when there is a semantic relationship between the target picture name and the distractor (i.e., during semantic interference). It should be noted that this particular account has yet to receive direct empirical support (Starreveld, 2000) . Interactive models likewise assume that the locus of the facilitation effect is at the phonological word form level (e.g., Starreveld, 2000; Starreveld and La Heij, 1996) . A general mechanism for the effect can be summarized in the context of these latter two models as follows: In the picture-word task, a picture and a distractor are presented such that two word forms are activated along with their corresponding nodes at the lemma level. Unlike an unrelated distractor word, an orthographically/phonologically related distractor is hypothesized to activate its own word form representation and the word forms of all phonologically related words (i.e., a phonological cohort), including that of the target picture name. This additional activation results in the word form representation of the target winning the competition with the other word form representations and being retrieved more quickly than when it is accompanied by an unrelated distractor (Levelt, 2001; Levelt et al., 1999; Starreveld, 2000; Starreveld and La Heij, 1996) . This latter interpretation differs from the phonological segment interpretation in that the distractor is assumed to activate not only its own word form representation but also that of the target, rather than simply activating their matching phonological segments.
The spreading activation models of word production discussed here thus assume that retrieval occurs when the activation of the correct word form representation exceeds the activation of all other word form representations. They also assume that the activation levels of the competing word form representations return quickly (i.e., decay) to a resting level Starreveld and La Heij, 1996) . However, there is a continuing debate in the literature concerning the mechanisms for competitor deactivation implemented in word production models (for a review of these mechanisms, see Berg and Schade, 1992a) . For example, unlike the models discussed above, Harley's (1993) interactive model of word production includes inhibitory connections both within and between levels and assumes that the word forms of all competitors are activated and that this activation is then suppressed by mutual inhibition. Berg and Schade (1992b) proposed a similar model that implemented lateral inhibition among competing nodes. The serial and interactive models discussed in detail above (i.e., Levelt et al., 1999; Starreveld and La Heij, 1996) were chosen for investigation because they attempt to explicitly account for the orthographic/phonological facilitation effect in the picture-word task. Nevertheless, it is worth noting that different mechanisms for resolving competition have been proposed in other word production models.
In an extensive meta-analysis and review of functional imaging experiments involving picture naming and word generation tasks, Indefrey and Levelt (2000) recently identified a left-lateralized core network of cerebral regions responsible for the processing stages of word production (see also Levelt, 2001 ). The conclusion, from this review, of particular relevance to the present study was that the left posterior superior and middle temporal gyri (i.e., Wernicke's area) were specifically involved in phonological code retrieval. In addition, the results from an increasing number of functional imaging studies have indicated that facilitatory priming effects are reliably accompanied by reductions in cerebral hemodynamic responses (e.g., Lebreton et al., 2001 ; for a review and discussion of these results, see Schacter and Badgaiyan, 2001) . This information allows a relatively specific a priori hypothesis about the cognitive architecture mediating the facilitation effect in the picture-word task to be tested with functional imaging. Relatively few functional imaging studies have attempted to draw inferences about the cognitive architecture mediating word production (although see de Zubicaray et al., 2001) .
Although the neural mechanisms underlying the semantic interference effect in the picture-word task have been recently documented (de Zubicaray et al., 2001) , the mechanisms underlying the facilitation effect have yet to be investigated. Therefore, the purpose of the present study was to examine the neural correlates of the facilitation effect in the picture-word task using event related functional magnetic resonance imaging (fMRI). The choice of the event-related design was justifiable on several grounds: For example, it has been suggested that blocked presentations may allow participants to use anticipation strategies to perform the picture-word task, allowing them to be optimally prepared for the trials in a given condition (e.g., Rayner and Springer, 1986 ; see Underwood and Briggs, 1984; Lupker, 1982) . We therefore randomized trials to avoid this confound. In addition, it is now recognized that subvocal articulation cannot be used as a simple substitute for overt vocalization in fMRI studies due to differences in evoked hemodynamic response patterns between overt and subvocal conditions (see Barch et al., 1999; Rosen et al., 2000) . Noise resulting from the rapid switching of gradients can also be troublesome for fMRI studies of language processing as it can activate the superior and middle temporal gyri and primary auditory cortex (MacSweeney et al., 2000) . The event-related design employed here avoided these latter two confounds by interleaving behavioral trials with the sparse acquisition of images, thus permitting overt vocalization and excluding the effects of gradient noise (Eden et al., 1999; Elliott et al., 1999) . Sparse acquisitions that use long TR intervals also have the advantage of increased sensitivity to small signal changes relative to continuous acquisitions (see Eden et al., 1999) .
Application of this design with event-related fMRI and recording of overt responses should allow predictions with regard to the cognitive architecture mediating the priming effect to be tested. Specifically, based upon the information from Indefrey and Levelt's (2000) meta-analysis and the relatively consistent results from functional imaging studies of priming (Schacter and Badgaiyan, 2001) , if the locus of the facilitation effect in the picture-word task is at the phonological code retrieval level as the relevant serial and interactive word production models assume (e.g., Levelt, 2001; Starreveld, 2000) , then a reduced hemodynamic response associated with this effect can be predicted in the left posterior superior and middle temporal gyri (Wernicke's area).
METHODS

Participants
Ten healthy, right-handed participants (3 female) took part in the study. Mean age was 26.88 years (SD ϭ 5.04). All were native English speakers. The study was conducted within the constraints of the ethical clearance from the Medical Research Ethics Committee of the University of Queensland for MRI experiments on humans at the Centre for Magnetic Resonance. Participants received a small gratuity ($30) and an MR image of their brain for their involvement. Informed consent was gained from all participants prior to the commencement of the study.
Picture-Word Interference Task
Forty line-drawings from the Snodgrass and Vanderwart (1980) corpus of pictures were used as target stimuli. The line drawings were selected from several semantic categories. For each picture one orthographically/phonologically related distractor word and one unrelated distractor word were selected. These distractors were used to create two conditions: (a) unrelateddistractor words that were both semantically and orthographically unrelated to the name of the depicted object and (b) orthographically related-distractor words that were orthographically (and phonologically) related to the name of the depicted object and that shared at least the same initial consonant(s)/vowel segments. For example, the following distractors accompanied the picture of a duck: dust (orthographically related) and sail (unrelated). Target picture names and distractor words were matched for word length (target M ϭ 4.60; unrelated M ϭ 4.53; orthographically related M ϭ 4.55, F Ͻ 1) and number of syllables (target M ϭ 1.27; unrelated M ϭ 1.25; orthographically related M ϭ 1.25, F Ͻ 1). The distractor words were also matched as closely as possible for frequency (unrelated M ϭ 52.77; orthographically related M ϭ 55.95, F Ͻ 1) using the MRC Psycholinguistic Database (Coltheart, 1981;  http://www.psy.uwa.edu.au/MRCDataBase/uwa_mrc. htm). The Appendix lists all target picture names and corresponding distractors. Each picture was presented twice, once accompanied by an unrelated distractor and once by an orthographically/phonologically related distractor.
Administration of the task was identical to that described in de Zubicaray et al. (2001) . Immediately prior to the imaging experiment each participant underwent a practice session outside of the magnet to train them to use the correct names for the 40 target stimuli. This involved three consecutive presentations of the target pictures on a laptop PC. In the first two presentations, the participants saw all the target pictures together with the correct names printed just below the pictures. Participants were instructed to study the pictures and name them, using the printed words if necessary. Any erroneous responses were corrected by the experimenter. In the final presentation, they were instructed to name the pictures as quickly as possible in the absence of the printed names.
For the imaging experiment, trials consisting of a target picture and a distractor were displayed for a period of 750 ms (SOA ϭ 0 s) followed by a blank screen for 3.25 s and an 11-s interstimulus interval (ISI) during which the participants viewed a fixation point (ϩ) and an image volume was acquired (see Fig. 1 and Image Acquisition below). Participants were instructed to name the pictures as quickly and as accurately as possible while ignoring the printed words. They were also instructed not to speak or move during imaging (as indicated by the scanner noise). The trials from the two distractor conditions were presented in random order and randomized between participants to prevent order effects. The relatively long ISI also served to reduce possible repetition effects. A total of 80 trials were presented over a 20-min imaging session (40 pictures ϫ 2 distractor conditions). The size of the pictures including background was approximately 10 ϫ 10 cm. Distractors were presented in lowercase 36-point Times New Roman font and located so as to allow the identification of both picture and distractor with minimal difficulty. This location was held constant throughout the experiment. Line drawings and distractors were presented in black on a luminous white background, enlarged, and back-projected onto the center of a screen at the foot of the bore of the magnet. Participants viewed the screen through a mirror mounted on the head coil. The stimuli subtended approximately 10°o f visual are when the participant was positioned for
scanning. An MR-compatible microphone attached to the head coil was used to record participants' vocal responses and reaction times on digital audio files.
Image Acquisition
Images were acquired using a 2 Tesla Bruker Medspec S200 system at the Centre for Magnetic Resonance. A quadrature Helmholtz head coil was used for radio frequency reception. For the functional MRI studies, an interleaved sequence was used to acquire 80 T* 2 -weighted gradient echo echoplanar images (EPI) depicting blood oxygen level-dependent (BOLD) contrast (Ogawa et al., 1990) in each of 21 planes parallel to the AC-PC line with TE 38 ms, effective TR 15,000 ms (see below), in-plane resolution 3.12 mm, and slice thickness 5.0 mm (no gap). BOLD signal changes associated with picture-word trials were detected using a sparse acquisition method (Eden et al., 1999; Elliott et al., 1999) that utilized the delay between task-related neural activity and its estimated peak hemodynamic response (time-to-peak approximately 4.7 Ϯ 1.1 s; Aguirre et al., 1998) . For each trial, no field gradients were applied for a 4-s period allowing for stimulus presentation and the participant's overt verbal response; then the field gradients were applied for image acquisition (see Fig. 1 ). A single image volume was acquired within 3 s, coincident with that trial's estimated peak hemodynamic response. No field gradients were then applied for an additional 8-s period to allow the BOLD response to the scanner noise to return to baseline (Elliott et al., 1999) . Total imaging time was 20 min. Head movement was limited by foam padding within the head coil and a restraining band across the forehead. A high-resolution three-dimensional (3D) T 1 -weighted image was acquired in the same session using an MP-RAGE sequence with TI 850 ms, TR 1300 ms, TE 5.2 ms, and slice resolution 0.9 mm 3 . 
Image Analysis
Image processing and statistical analyses were carried out using statistical parametric mapping software (SPM99; Wellcome Department of Cognitive Neurology, Queens Square, London, UK). Each participant's T* 2 -weighted images were realigned to the first image of the series using a rigid-body transformation procedure, and variance attributable to movement-by-inhomogeneity interactions were removed (Andersson et al., 2001; Friston et al., 1995) . A mean image was created from the realigned and unwarped time series data. The mean T* 2 -weighted images and high-resolution images from each participant were then spatially normalized via nonlinear basis functions (Ashburner and Friston, 1999) to the EPI and T 1 template images, respectively, included in SPM99. These templates conform to the space defined by the International Consortium for Brain Mapping project (NIH P-20 Grant) and closely approximate the stereotaxic space described in the atlas of Talairach and Tournoux (1988) (Evans et al., 1994) . The nonlinear transformations for the mean T* 2 -weighted images were subsequently applied to the realigned fMRI time series data. After spatial normalization, the fMRI datasets were convolved with an isotropic Gaussian smoothing kernel (full-width halfmaximum ϭ 10 mm) to increase signal to noise and to accommodate residual variability in gyral anatomy across participants. A general linear model was applied to the BOLD signal time course of each voxel (Friston et al., 1995b; Worsley and Friston, 1995) . The fixed-effects model included separate basis functions (nonwindowed first-order Fourier series) for trial-specific responses to correct trials from the two distractor conditions . Nonwindowed Fourier series were chosen as they are able to fit responses within the frequency range specified and have the advantage of being phase invariant. Hemodynamic response functions (Josephs and Henson, 1999; Josephs et al., 1997) were not employed as each T* 2 -weighted image was acquired during the estimated peak hemodynamic response associated with each trial (see de Zubicaray et al., 2001 ). The temporal high-pass filter was set to the image acquisition time of 3 s, as confounds attributable to low-frequency drift in the BOLD signal were considered unlikely to be present beyond this period. Low-pass filtering was not employed. We compared unrelated versus orthographically related distractor conditions using a contrast that tested the sum of pairwise differences between Fourier components. This resulted in an F statistic for every voxel. Statistical inferences were based on the theory of random Gaussian fields. In the case of the left posterior superior/middle temporal gyri (Wernicke's area) in which we had a region-specific hypothesis, correction for multiple comparisons was based on the volume of interest and the smoothness of the underlying SPM (Worsley et al., 1996) . For other brain regions, the correction was for multiple comparisons over the entire brain volume. The threshold adopted for all analyses was P Ͻ 0.05 (corrected).
RESULTS
Picture Naming Data
Each participant's digital audio file was scored for response accuracy and reaction times measured with voice-key software. Trials in which participants either failed to provide a response or gave incorrect responses were removed from the analysis, as were corresponding trials involving identical target pictures. This ensured that analyses were conducted using equal numbers of trials in each distractor condition. Responses with reaction times greater than 2500 ms were likewise removed. Table 1 shows the participants' mean reaction times in milliseconds and error percentages per condition. An analysis of variance (ANOVA) was conducted on the reaction time data and showed a significant effect of distractor condition (F(1,775) ϭ 25.4, P Ͻ 0.001). Error rates for the two distractor conditions were considered insufficient to conduct a meaningful analysis.
Image Data
Images for trials involving omitted or incorrect responses and corresponding trials involving identical target pictures were removed prior to analysis as per the analysis of the behavioral data. Relative to the unrelated distractor condition, the orthographically related condition produced BOLD signal changes in the left posterior superior temporal gyrus (BA 22), right anterior cingulate cortex (BA 32), and orbitomedial prefrontal cortex comprising foci in the right middle and superior frontal gyri (BA 10). Further differential responses were observed in the right hemisphere in the anterior inferior temporal cortex (BA 20/21), inferior parietal lobule (BA 40), postcentral gyrus (BA2), and occipital lobe. The coordinates and statistical significance of these foci are summarized in Table 2 .
Although nonwindowed Fourier series are relatively unconstrained with respect to detecting responses in a specified time frame, they do not provide unequivocal information with regard to the direction of responses. The responses of the foci listed in Table 2 were therefore plotted to determine their directionality. Relative to the unrelated distractor condition, BOLD signal decreases were observed in the left superior and right inferior temporal gyri. All other foci were signal increases. Figure 2 shows the foci of the BOLD signal changes superimposed on a 3D rendering of a single subject's T 1 -weighted image in atlas space.
DISCUSSION
Our results indicate that several brain regions exhibit differential hemodynamic responses associated with orthographic-phonological facilitation of naming responses in the picture-word task. In addition, these responses are apparently dissociable. To our knowledge, the present study represents the first event-related fMRI study using overt vocalization to identify differential BOLD responses associated with the phonological priming effect in the picture-word task. The information derived from this study may thus be useful for constraining theoretical models of language production.
Based upon Indefrey and Levelt's (2000) meta-analysis of functional imaging studies of word production, we hypothesized that if the locus of the facilitation effect is mainly at the level of retrieving phonological codes as serial and interactive models of word production generally assume (e.g., Starreveld and La Heij, 1996; Levelt et al., 1999) then differential hemodynamic responses associated with this effect should be observable in the left posterior superior and middle temporal gyri (Wernicke's area). Consistent with this hypothesis, we observed reduced BOLD signal in Wernicke's area during the orthographically related distractor condition compared to the unrelated condition. The observation of reduced signal is also consistent with the results from an increasing number of functional imaging studies that indicate that priming effects are reliably accompanied by decreases in cortical activity (e.g., Lebreton et al., 2001 ; for a review and discussion of these results, see Schacter and Badgaiyan, 2001 ). Thus, the present result may be interpreted as strongly supporting the locus of the facilitation effect assumed by the theoretical models of word production. However, it is unable to address whether the effect is due to the activation of phonological segments or word forms, nor is it able to address the broader issue of whether the processes involved in word production are serial or interactive in nature.
An unanticipated finding was the increase in BOLD signal in several predominantly right-hemisphere cortical regions during the orthographically/phonologically related distractor condition, most notably the anterior cingulate, orbitomedial prefrontal cortex, and inferior parietal cortex. In our previous fMRI study of picture-word interference using semantically related distractors, we attributed the signal increases that we observed in these regions to the involvement of selective attention and subsequently suggested a need for inhibitory links to be included in models of word production (de Zubicaray et al., 2001) . This interpretation was supported by the fact that signal increases in these regions had been reliably associated with the resolution of Stroop interference in earlier functional imaging studies that employed overt responding (e.g., Barch et al., 1999; Bench et al., 1993; Carter et al., 1995; Peterson et al., 1999) . In addition, Lupker (1979) had originally proposed that to successfully perform the picture-word task the tendency to produce the distractor word's name needs to be suppressed. Thus, the signal change in the anterior cingulate was considered to reflect its role in detecting competition elicited by the distractor words and indicating the need to engage other brain regions involved in control processes (e.g., Barch et al., 2000; Carter et al., 2000) , whereas the orbitomedial prefrontal signal increases were considered to represent the engagement of processes for implementing inhibitory control (see Fuster et al., 2000) . The inferior parietal signal increase was tentatively interpreted as representing the operation of an attentional subsystem involved in monitoring and updating of task demands and performance, following from Peterson et al.'s (1999) factor analysis of Stroop fMRI data. If this interpretation is assumed to be correct, why then did these regions demonstrate signal increases associated with a facilitation of naming responses? Despite the apparently incongruous nature of these results, it should be remembered that both orthographically related and unrelated distractor words result in increased naming latencies compared to when pictures are presented alone or with their correct object names (e.g., Lupker, 1982; Starreveld and La Heij, 1996) . The facilitation effect thus occurs within the context of a basic picture-word interference effect. Although it may seem counterintuitive, a possible explanation for this result is that if an orthographically related distractor activates its own word form and a cohort of word forms consisting of all phonologically related words, as both theoretical models of word production assume, then it is conceivable that interference attributable to competition in lexical retrieval would be greater under this condition. This would similarly increase the requirement for inhibition for its resolution. A plausible mechanism for this proposal is offered by Harley's (1993) interactive model of word production that was explicitly designed to account for picture-word interference effects.
2 Unlike the two major models described in the FIG. 2 . Group BOLD signal changes superimposed on a 3D rendering of a single subject's T 1 -weighted image in atlas space. Clockwise from top left: decreased signal in Wernicke's area, signal increases in the right anterior cingulate and anterior temporal cortex; signal increases in the right postcentral gyrus and inferior parietal lobule, and signal increase in the right medial prefrontal cortex.
Introduction (i.e., Levelt et al., 1999; Starreveld and La Heij, 1996), Harley's (1993) included inhibitory connections both within and between levels. In this model, the word forms of all alternatives are activated and this activation is then suppressed by mutual inhibition (see also Berg and Schade, 1992b) . If this account is applied to explain the current results, then it would appear that the additional phonological activation that results in the word form of the target picture being retrieved more quickly is sufficient to offset the increased interference. Moreover, it makes conceptual sense that the two effects (priming and interference) would be dissociable at the cognitive and neural levels. Lupker (1982) originally proposed that the facilitation effect could be separated from the response competition processes that lead to the basic picture-word interference effect. This interpretation necessarily remains tentative, however, requiring a successful implementation at the computational level to determine its suitability. An alternative explanation for this result is that it represents the difference in processing time between distractor conditions. However, this seems unlikely as BOLD signal increases rather than decreases were observed, and decreases would have been expected given the reduced processing time involved in the orthographically related condition (ϳ60 ms in this study).
Additional right-hemisphere BOLD signal changes were observed in somatosensory (postcentral gyrus), occipital, and anterior temporal cortices, with the former two being signal increases. The majority of participants reported experiencing a sensation of rapid responding in the orthographically related distractor condition, and this sensation might possibly account for the activity observed in the postcentral gyrus. The right occipital cortex has a well-established role in object processing (Humphreys et al., 1999) , and we have previously suggested that activity in this region during performance of the picture-word task might represent competition during accessing of visual knowledge about both targets and distractors (de Zubicaray et al., 2001 ; see also Dean et al., 2001) . Differential responses have been previously reported in the right anterior temporal cortex during word-picture matching in functional imaging experiments (see Humphreys et al., 1999; Moore and Price, 1999) , and very similar processes may be expected to be engaged by the picture-word task. A possible explanation for the decreased BOLD signal observed in this region is that it might represent the reduced processing time required by participants in the orthographically related distractor condition. These latter results may be viewed as being consistent with Starreveld's (2000) assertion that the effects obtained in picture-word experiments are not merely the result of word production processes and instead represent a complex interaction of both word production and distractor perception.
Some issues with regard to the experimental design and statistical modeling of responses should also be considered when interpreting our results. For instance, we acquired fMRI data to coincide with the estimated peak hemodynamic response to trials from both distractor conditions. Therefore, we cannot exclude the possibility that we might have failed to detect differential responses at certain levels of word production. This seems unlikely though, as regions considered to be involved in several levels of production were identifiable in our data (e.g., object processing, phonological code retrieval, lexical selection; see Levelt, 2001 ). The choice of nonwindowed Fourier series to model the BOLD responses necessitated the adoption of a fixed-effects analysis. Consequently, the results are subject to the limitations of inference associated with this type of analysis as discussed by . In addition to the previously mentioned reasons for adopting this approach (see Methods), it permitted the time courses of the responses to the two conditions to be plotted and compared, unlike simpler analyses that involve averaging responses from two conditions (e.g., t tests). Finally, rather than comparing different experimental and control tasks, in the picture-word task different processes are elicited with the same instructions by different classes of stimuli. The experimental design therefore more closely resembles the neuropsychological method of specific effects than the often employed (and often criticized) subtraction technique (see Bub, 2000; Sartori and Umiltà, 2000) . Nevertheless, significant questions remain with regard to how the processes described in theoretical models are implemented at the neural level. As Bub (2001) has stated, this relationship will need to be determined empirically. In this manner, we have relied on empirical data linking priming effects to BOLD signal reductions in interpreting our results (Schacter and Badgaiyan, 2001) .
In summary, our data are consistent with the hypothesis that the facilitation effect in the picture-word task occurs at the phonological retrieval level of word production. Accordingly, they may be interpreted as strongly supporting the locus of the effect as assumed by both serial and interactive models of word production (e.g., Starreveld and La Heij, 1996; Levelt et al., 1999) . In addition, our results raise the possibility that, counterintuitively, picture-word interference might be enhanced by the presentation of orthographically related distractors compared to unrelated distractors, due to lexical competition introduced by the activation of phonologically related word forms, and this competition requires inhibitory processes for its resolution. As per our previous fMRI study of picture-word interference, we propose that theoretical models of word production need to be modified to include inhibitory links (e.g., Harley, 1993; Wheeldon, 1999) . Finally, the data appear to confirm that functional imaging studies can provide information about the neuroanatomical organization of the lexical system that may be useful for constraining theoretical models of word production, as Shelton and Caramazza (1999) 
